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Abstract 
Cross sections for neutron capture in the range of unresolved resonances and average level distances near the 
neutron emission threshold are simultaneously predicted for more than 140 spin-0 target nuclei with A >50. In 
nearly all these nuclei a combined description of photon strength, level density and Maxwellian averaged radiative 
neutron capture is presented, which only needs very few fit parameters, which are global for the full range in A. To 
reach that it is essential that the requirements of spherical or axial symmetry are given up.  
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The radiative capture of neutrons in the keV to MeV range by heavy nuclei plays an important role in considerations 
for advanced systems aiming for a reduction of radioactive nuclear waste. This process is of interest also for the 
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cosmic nucleosynthesis, especially for scenarios with neutron capture leading to a production of nuclides beyond Fe 
by the s-process. Usually predictions for radiative neutron capture cross sections in the range of unresolved 
resonances are based on statistical model calculations. Their reliability depends not only on the proper 
characterization of the input channel, but more strongly on the details determining the decay of the intermediately 
formed compound nucleus. Here the strength of its decay by photons is of importance as well as the open phase 
space in the final nucleus, i.e. the density of levels reached by the first photon emitted. A parameterization for the 
capture by even-even nuclei is presented, which is global and thus expected to be applicable also away from 
stability.  
Nomenclature 
A atomic number            Z    proton number             N neutron number     rk     half axis of nucleus 
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2. Photon strength  
     It was shown by Junghans et al. (2008) that the electric dipole strength functions are easily derived from a global 
fit to IVGDR shapes using the sum of three Lorentzians (TLO) of equal integrated strength. They are normalized 
such that they add up to the TRK sum rule as proposed by Gell-Mann et al. (1954) and theoretical predictions for the 
A-dependence of pole energies by Myers et al. (1977) are used. When no ad hoc assumption about shape symmetry 
is made, three pole energies Ek enter and they are inversely proportional to the axis lengths rk : Ek = r0/rkÂE0 obtained 
from a priori information on the deformation parameters ȕ and Ȗ from the CHFB calculations of Delaroche et al. 
(2010), corrected near closed shells as proposed by Bertsch et al. (2007). 
As shown in more detail by Beyer et al. (2011) and Grosse et al. (2013), Eq. (1) describes electric dipole 
strengths fE1(EȖ) for even as well as odd nuclei (with the fine structure constant Įe  and the nucleon mass mN): 
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Here it is assumed that the described triple Lorentzian (TLO) approach reproduces the mean absorption cross section 
ۃߪ௔௕௦ሺܧఊሻۄin the IVGDR region as well as in the low energy tail at energies below Sn. The sum for geff  runs over 
the resonance spins Jr which can be formed from Jb and the multipolarity Ȝ. For three nuclei the TLO sum for the 
IVGDR is compared in Fig. 1 to data from the data base EXFOR (2014); the three poles corresponding to axis ratios 
from CHFB are indicated as black bars. In accordance to Bush and Alhassid (1991) the corresponding spreading 
widths īk are related to the pole energies Ek with the need to introduce only one global fit parameter. 
     Minor strength components have to be considered in addition to TLO. Three of them which are of some 
importance for radiative neutron capture are added to TLO as follows:   
1. Orbital magnetic dipole strength described by Heyde et al. (2010) as scissors mode, which is approximated  
     to peak at Esc = 0.21ÂE0 with a maximum of f1max = Z2Âȕ2/76 GeV-3, Gaussian distributed with ı = 1 MeV.  
2. Electric dipole strength originating from coupled 2+ and 3−-phonons as discussed by Bohr and Mottelson   
     (1957) is assumed to peak around Equad + Eoct = Eqo § 3 MeV with a peak of f1max = ZÂAÂȕ/250 GeV-3.  
3. Electric dipole strength at Epy§ 0.4E0 - 0.5E0 – the pigmy mode as described by Bartholomew et al. (1972) – is    
    observed in many nuclei to also show up in isoscalar processes – as presented by Savran et al. (2013) – was     
    recently reviewed by Massarczyk et al. (2014) to approximately add 12 GeV-3 to TLO. 
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     In this work we only consider s-capture on J=0 targets and thus we need to show that our ansatz also works for 
odd nuclei. As seen in Fig.1 an average of the information for even neighbour nuclei can be used to obtain fE1 for the 
IVGDR region. Data at lower energies are from radiative neutron capture and photon scattering, and their effect on 
f1 is studied approximately by assuming a Gaussian shape for them with ɐ=1 MeV as indicated in Fig. 1; their 
influence on radiative capture will be discussed below.  
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Figure 1. Prediction for dipole strength 
functions in Hg (top), 197Au (middle) and 
196Pt (bottom) compared to data from 
(Ȗ,n) experiments (ྔ black), as compiled 
by Dietrich and Berman (1988) and 
photon emission (ሺྡ red, blue, green or 
black), cf. Massarczyk et al., 2014); the 
factor 0.5 indicates the strongest possible 
reduction due to variations in the level 
density. A blue line presents the E1-
strength predicted by TLO with the poles 
indicated as bars; the inclusion of minor 
strength is depicted as full red line. 
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3.  Level density in nuclei with broken axial symmetry.  
     Nuclear level densities ȡ(Ex,Jߨ) determine the final phase space for predictions of compound nuclear cross 
sections and decay rates. In a compilation by Capote et al. (2009) various parameters extracted from differing 
experimental situations were shown to enter into respective predictions. This indicates the need of calculations based 
on fundamental principles. We use an analytical approach for their calculation on an absolute scale and avoid – as 
far as possible – parameter adjustments by strongly relying on statistical laws for a Fermi gas – a system of 
independent particles with mutual attraction. As shown by Ericson (1960) it is characterized by a gap ¨(t) falling 
with rising temperature parameter t down to 0 at a ‘critical’ tpt = ¨0ÂeC/ʌ = 0.567Â¨0 (with the Euler constant 
C=0.5772), indicating a 2nd order phase transition.  For the Fermi gas phase of nuclear matter we require the level 
density parameter anm to be inversely proportional to the Fermi energy İF as demonstrated by Bohr and Mottelson 
(1975). It is thus fixed alone by the Fermi energy and the mass number A. It was shown by Grossjean and Feldmeier 
(1985) that the situation is governed by pairing, such that in infinite nuclear matter (nm) the backshift energy Ebs is 
equal to the pairing condensation energy Econ (cf. Eqs. 2 & 3) ; Ebs describes a backshift between the Fermi gas zero 
and the nuclear ground state. Canonical thermodynamics is used for nuclear matter to evaluate the general features 
of this phase transition, but all effects appearing in finite nuclei will be treated micro-canonically. Following Gilbert 
and Cameron (1965) the energy dependence of the state density is assumed to be exponential for lower energies, i.e.
in the pairing dominated phase below the phase transition point. If only quasiparticle excitations are considered the 
total state density (in the intrinsic frame) Ȧqp(Ex) at excitation energy Ex is then approximated by:  
      In a previous attempt by Grosse et al. (2013) to work out the effect of triaxiality on level densities a somewhat 
different approach close to earlier work by Svirin et al., (2006) was applied, and the comparison to data required the 
introduction of a level density reduction factor Ȥൎ1/8. To clarify this point, a clear distinction is now made between 
the intrinsic quasiparticle state ɘqp(Ex) and the level density ɏ(Ex,J) in the observer’s system. Various 
approximations are required and listed here albeit not all of them are of significant influence for the conclusions 
made in this work:  
1.The pairing parameter ¨(Ex=0) is approximated by ¨0=12ÂA-1/2, independent of angular momentum.  
2. ¨0 is used for neutrons and protons and thus independent of neutron excess N-Z.  
3. Quasi-particle states are evenly spaced (at least on average) at the Fermi energy, not varying with N-Z.  
4. Fermi energy İF =37 MeV and nuclear radius R= 1.16ÂAѿ are independent of N-Z.  
5. A dependence of equilibrium deformation on excitation energy Ex and angular momentum J is neglected.  
6. Econ is calculated for infinite nuclear matter (cf. Eqs. 2 & 3).  
7. At variance to Ignatyuk et al. (1993) the shell correction term is directly applied to the backshift energy Ebs. 
8. A factor 1/4 accounts for ࣬-symmetry conservation as derived by Bjørnholm et al. (1974).  
9. The moments of inertia, which will be shown to have nearly no effect at low spin, are taken from a rigid rotor.  
    At the phase transition energy Ept (corresponding to tpt) a transition from a Fermi gas like behaviour above to a 
pairing dominated regime below the phase transition occurs. The latter is approximated by the assumption of 
constant temperature as will be discussed below together with the determination of the phenomenological 
parameters Tct and ߱qp(0) for this low energy region. To account for shell and surface effects in finite nuclei a 
respective adjustment of ã as well as a modification of Ebs are applied as described by Eq. (3). The influence of 
shells is controlled by įE(Z,A), obtained by Pearson (2001) through a comparison of the liquid drop mass formula 
with experimental values. To obtain a ‘level density parameter’ ã for a given A we treat the surface addition Ƚ to anm
as a global fit parameter and get the phase transition at Ept = ãÂtpt2+Ebs by setting: 
৩௡௠ ൌ ஠;ή୅ସகూ ؆
୅
ଵହ Ǣ   ൌ ৩௡௠ ൅ Ɂ৩Ǣ Ɂ৩ ൌ Ƚ ή ᪟ and   Econ =
ଷ৩೙೘
ଶ஠; ο଴ଶǢ    Ebs = Econെ įE(Z,A)           (3) 
( )
ptxbs
bs
ptx
x
EEEE
EE
E
EET
E
E ≥
−
−⋅
=
<¹¸
·
©¨
§
=
for
)(ã
)(ã 2exp)(Ȧand
forɘሺͲሻexp)(ɘ 2/52/1144qpqp
[
[
[[

π
(2).
 Eckart Grosse et al. /  Physics Procedia  64 ( 2015 )  73 – 82 77
     The absolute scale of our prediction for the level density is strongly influenced by allowing for broken axial 
shape symmetry in the Fermi gas regime. In previous work of Capote et al. (2009) deficits in the comparison to 
resonance spacings observed at the neutron binding energy Sn have been compensated by an increase of the level 
density parameter ã, eventually adjusted in a fit. But an agreement to observations was not reached without a 
significant enlargement of ã as compared to anm as demonstrated by Capote et al. (2009). For our comparison to 
experimental data we do without such a modification to not induce a change in the excitation energy dependence of 
ȡ at variance to the Fermi gas, which we accept as proper description of the statistics in highly excited nuclei. A 
significant increase of ɏ results from not using the scheme presented by Ericson (1960) for the case of spherical 
symmetry. Instead we decided to include the effect of missing axial symmetry following an earlier proposal by 
Bjørnholm et al. (1974). With a factor 1/4 for ࣬-symmetry conservation one obtains from this for the density of 
levels with both parities, which results in an astonishingly simple expression for small J – as already presented by 
Bohr and Mottelson (1975, cf. Eq. (4-65b) given there): 
  
  ɏ൫ܧݔǡ ܬ൯ ؆ ඥͺߨͶ ɐଵɐଶɐଷ ʹܬ൅ͳඥͺߨɐ͵݁
െσ ቀܬ൅Φቁ
ʹ
ʹߪ݅ʹ݅ ɘ൫ܧݔ൯ ܬሱۛ ۛۛ ሮʹܬ൅ͳͶ ɘ൫ܧݔ൯                        (4).
     Using the formulae for the projection of quasi-particle states in a nucleus without axial symmetry of Bjørnholm 
et al. (1974) avoids any ‘ad hoc’ assumption about spherical or axial symmetry of nuclei excited to many MeV. We 
arrive at level densities ȡ(J,Ex) in the observer’s system, which are increased by considerably more than an order of 
magnitude as compared to the prediction without breaking sphericity – and still by a factor of 4 - 8 as compared to 
the case of axial deformation as presented as collective enhancement factors proposed by Capote et al. (2009). A 
significant enhancement of ȡ(Ex,Jߨ) results for the ansatz presented here even if the deviation from symmetry is 
small. For low spins a simple approximation can be derived without explicit inclusion of moments of inertia; as 
obvious from Eq. (4) they play a role only for higher angular momenta to quantify the spin cut-off. The result of Eq. 
(3) for 113Cd is depicted in Fig. 2 which includes experimental data transformed by Eq. (4). The state density at Ept is 
determined by the Fermi gas expression and the parameters T and ɘ(0) for the low Ex (“constant temperature”) 
part are adjusted to the number of spectroscopically known levels.   
    
                 
     To demonstrate the dependence of our ansatz on the nuclear mass number A the comparison to the spacings 
between resonances populated in s-capture of neutrons by 146 even-even nuclei is shown in Fig. 3. Apparently the 
respective experimental information, recently updated by Capote et al. (2009) within RIPL-3, was never compared 
to a calculation not assuming at least axial symmetry. In previous work by Ignatyuk et al., (1993) when spherical 
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Figure 2. For the state density 
Ȧqp(Ex)  in 113Cd the prediction is 
shown together with respective data 
from Capote et al., (2009) obtained 
using the level scheme (black) as 
well as resonance spacings (green). 
A change in slope at the phase 
transition energy Ept is clearly seen.  
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symmetry was assumed without rotational collective enhancement, only significant modifications on ã generated a 
sufficiently large Ȧqp; up to ã § A/9 was needed, although an enhancement by vibrational collectivity was 
introduced. In agreement to our calculations for vibrational enhancement this increases ȡ by less than a factor of 1.5, 
which would hardly be seen in Fig.3, depicting our results for resonance spacings just above Sn. The drawn curve 
represents an average ã § A/13 as it includes the surface correction term AҀ/17. 
To obtain the best agreement depicted in Fig.3 the surface contribution ן to ã was globally adjusted to 1/17 ؆ 0.06. 
This agreement to the data over the full mass range depends only marginally on the damping of the shell effect, 
which we include without the introduction of an additional parameter as proposed previously by Kataria et al. 
(1978). As demonstrated by Grosse et al. (2014) the choice of a differing shell correction – as proposed by Myers 
and Swiatecki (1967) – does hardly influence the agreement to measurements, but the one by Mengoni and 
Nakajima (1994) as used by Grosse et al. (2013) results in a less satisfying dependence on A. As discussed above, a 
deviation from symmetry results in additional degrees of freedom and a significant increase of the level density in 
comparison to the quasi-particle value, i.e. a collective enhancement. We find that the breaking of spherical and 
axial symmetry leads to an increase by at least A/2, even if the triaxiality is small. From Capote et al. (2009) it 
appears that the predicted additional increase caused by axial symmetry breaking was never regarded previously and 
the procedure used there for the treatment of rotational enhancement finds a level density increase as compared to 
sphericity, which is a factor 4-9 below the value we find. It has to be stressed here, that only one free parameter is 
needed to well describe average level spacings 1/ȡ of neutron capture resonances as observed for 146 even-even 
target nuclei with 51<A<253 – leading to spin ½ΆǢ ǡ  the experimental data in the comparison are taken 
from radiative neutron capture by spin-0-nuclei only. The average resonance distances are observed in the region 
near Sn§7 MeV and the photon decay calculations and thus capture cross sections have been shown by Schramm et 
al. (2011) to mainly depend on level densities near Ex § 3 MeV, and this will be taken up in Section 4.  
4 Radiative neutron capture.  
The effect of a combination of our ansatz on the photon strength to the one for the level density – both allowing for 
a breaking of axial symmetry – can be well demonstrated on absolute scale by the comparison of predicted to 
measured radiative neutron capture cross sections. A sum over the decay channels to all bound states Jb which can 
be reached by dipole photons of energy EȖ= Er –Eb from the resonances Jr, populated by capturing the neutron, leads 

΀ŬĞs΁

Figure 3. Experimental infor-
mation on average resonance 
spacings near Sn from Capote et al. 
(2009) (black྘) versus nuclear 
mass A. The prediction shown as 
drawn curve was obtained using an 
effective shell correction following 
Pearson (2001), damped with Ex as 
proposed by Kataria et al. (1978); 
the dots depict the no-damping 
case.
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to a second averaging. The dependence of ȡ(Eb.Jb) on Jb (cf. Eq. (4)) and the quantum-statistics for the number of 
magnetic sub-states of Jb reached by the Ȗ-decay have two consequences: for Ȝ=1-transitions from Jr =1/2 to Jb =1/2 
and Jb =3/2 it leads to a weight factor of ᢕ = 5. Porter-Thomas effects discussed by Axel et al. (1962) and 
Bartholomew et al. (1972) were approximated by using a factor of 0.8, derived from calculating statistical averages 
over a large number of neutron resonances r, and thus we arrive at љ’ ؆ 4, which then replaces ᢕ in Eq. (5). A 
difference for E1 and M1 only arises, if there is a parity dependence of the level density. As we will show the E1 
decay to be predominant, this is of minor importance. In principle, we can account for differences in ȡ(Ex,J) in the 
low energy regime (e.g. caused by a dominant parity) through a respective estimate of Ȧ(0) ؠ ɘ(Ex<¨0); this will 
improve our predictions, if respective information is available. The mean radiative width is the basis for the 
description of radiative capture as discussed in Section 4 for odd final nuclei. Here the extrapolation of the nuclear 
electric dipole strength to Sn and below – i.e. the low energy tail as given by Eq. (1) – is of importance. It was 
pointed out previously by Kopecky and Uhl (1990) that strength information can be extracted from capture data 
directly by regarding average radiative widths, which are proportional to the photon strength, and depend in addition 
on the ratio between the level densities at the capturing resonances r - included in f1(EȖ) - and the final states b
reached by the Ȗ-decay. Consequently the average radiative widths vary with the slope of ȡ(Ex) in the range from Eb
to Er, whereas capture cross sections also vary with the level density at Sn. A similar approach, presented by Grosse 
et al. (2013), reported good agreement between prediction and average radiative widths as derived by a resonance 
analysis of neutron data taken just above Sn and tabulated  by Ignatyuk (2006) for over 120 even-odd nuclei.   
Neutron capture by actinide nuclei is of great importance for the transmutation of nuclear waste and we 
investigate neutron capture cross sections for Th, U and heavier nuclei for which data were compiled by Pritychenko 
et al. (2010). Whereas the approximations made to arrive at Eq. (5) work well for En Ĭ30 keV (see Fig. 5) the 
coupling to other channels like inelastic scattering has to be included at the energies depicted in Fig. 4. The 
predicted cross sections shown there (calculated with kTAGB replaced by 1 keV) are thus to be taken as a very first 
step, especially at higher neutron energy. The effect of further contributions was shown recently in detail for 238U by 
Ullmann et al. (2014) and for other actinides by Guttormsen et al. (2012), where also the importance of the scissors 
mode was pointed out. 
     As known from measured neutron strengths as listed by Ignatyuk (2006) the neutron widths above 5 keV are that 
large, that ۃīnۄr بۃīɀۄr and the average over the width ratio can be replaced by ۃīɀۄr as is implicit in f1(Eɀ) in Eq. 
(5). Following Lane and Lynn (1957) one arrives at Eq. (5) for the Maxwellian averaged radiative capture, when 
neglecting Ɛ > 0, direct capture and inelastic scattering:
Ŷ΀ŬĞs΁
ۃ࣌࢔ࢽۄ
΀ĨŵϮ΁ Fig. 4: Comparison of predicted neutron 
capture cross sections ı(n,Ȗ) to 
experimental data (NNDC database) in 
their dependence on En for targets of 
(bottom to top)  240Pu (blue, ÷10), 238U 
(green) and 232Th (red, ×10). The dotted 
line depicts the result of a calculation for 
238U with only the TLO-component.  
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(5) 
To test the influence of dipole strength functions on radiative neutron capture over a wide range in A the 
investigation of only s-wave capture by spin 0 target nuclei has the advantage of offering a large sample with the 
same resonance spin and parity ½+, and they decay by E1 to ͳ ʹൗ
ି
or ͵ ʹൗ
ି
. For the study of their dependence on the 
nuclear mass A we take advantage of a recent compilation by Dillmann et al., (2010) of respective measurements 
and their inter- and extrapolation to a Maxwellian distribution centered around an energy corresponding to a 
temperature TAGB = 30 keV, corresponding to the interior of stars in the Alternative Giant Branch. – red giant stars, 
where stellar nucleosynthesis takes place in the s-process. At this low energy only s-capture has to be considered 
and a quasi-classical treatment of the reaction dynamics is adequate. On the other hand the neutron width already 
exceeds the average photon width and the cross section factorizes in a level density and a photon strength 
component as assumed in Eq. 5. Covering the full range of A > 50 in the comparison to data for Maxwellian 
averaged (MACS) neutron capture cross sections are shown in Fig. 5 together with the prediction made by folding 
of the cross sections as given by Eq. (5) with a Maxwellian distribution of neutron energies as demonstrated by 
Käppeler (2011). As obvious from Fig. 5, our parameterization of these ingredients allows a good prediction in 
absolute scale over many orders of magnitude, very surprising in view of the few adjusted quantities. The dotted line 
depicts the E1-contribution as parameterized by our TLO-ansatz (cf. Section 2), the drawn curve demonstrates the 
additional contribution due to the three minor strength components listed in Section 2; obviously these are of some 
importance for radiative neutron capture.   
5 Conclusions  
Various spectroscopic data presented by Kumar (1972), Stachel et al. (1982), Cline (1986), Andrejtscheff and 
Petkov (1993), Wu et al. (1996) and Toh et al. (2013) indicate triaxiality for a number of heavy nuclei; two effects – 
hitherto not emphasised as such – indicate a breaking of axial symmetry in nearly all of them:  

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Figure 5. Comparison of predicted 
neutron capture cross sections ۃı(n,Ȗ)ۄr
(full curve, Ɛ=0)  to experimental data 
on Maxwellian averaged cross sections 
for kTAGB = 30 keV vs. A. The dotted 
curve was calculated with TLO only. 
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1) With one global parameter the scheme proposed here reproduces observations for level densities in nuclei 
with A > 50 and J = ½, when (a) the condensation energy Econ is included in the Fermi gas backshift and 
(b) the collective enhancement due to symmetry reduction by triaxiality is included. This is achieved 
although the level density parameter ã has to be modified little from its nuclear matter value to fit 
resonance spacing data; we use a small surface term and the deviation from anm is smaller than proposed 
e.g. by Capote et al. (2009). 
2) Again only one global parameter suffices to fit to the shape of the IVGDR peak by a triple Lorentzian 
photon strength (TLO), as proposed by Junghans et al. (2008, 2011) – considerably improved and in accord 
to the TRK sum rule. It also predicts its low energy tail – without other modification than the addition of 
minor modes – to match respective strength data as well as neutron capture cross sections taken in the 
energy range of unresolved resonances.  
For the last-mentioned finding a combination of the points 1) and 2) is needed, which is easily performed by 
considering spherical and axial symmetry to be broken – as shown for low excitation by HFB calculations 
(Delaroche et al., 2010) and as expected to increase with energy. Exact deformation parameters are unimportant for 
the tail of the E1-resonance as well as for the density of low spin states occurring in neutron capture by even targets 
as neither spin cut off nor moments of inertia are involved. At variance to previous work the breaking of axial 
symmetry in excited heavy nuclei is demonstrated here on the basis of experimental data: For more than 140 spin-0 
target nuclei with A>50 level distance data and average capture cross sections are well described by a global ansatz. 
It promises reliable predictions for compound nuclear reactions also outside the valley of stability − as important for 
nuclear astrophysics and for the transmutation of nuclear waste. 
Admission of the breaking of axial symmetry, albeit often rather weak, also improves the consistency of a global 
description of Giant Dipole Resonance (IVGDR) shapes by the sum of 3 Lorentzians (TLO), as introduced by 
Junghans et al. (2008, 2011). These add up to the TRK sum rule, when theoretical predictions for the A-dependence 
of pole energies and spreading widths are used. Thus a combination of the corresponding photon strength to the 
abovementioned approximation for level densities seems intriguing. A comparison on absolute scale to cross section 
data for neutron capture in the range of unresolved resonances – including Maxwellian average cross sections 
compiled recently for ۃEnۄ=30 keV by Dillmann et al. (2010)  – indicates three points:  
(1) The ad hoc assumptions on shapes and collective enhancement in previous calculations of compound nuclear 
rates by Capote et al. (2009) may be replaced by a direct account for broken symmetries.   
(2) The low energy tail derived from the global triple Lorentzian (TLO) fit to IVGDRs does not have to be 
modified to obtain a value for the electric dipole strength, which agrees to data. 
(3) Photon scattering and other experiments show that additional ‘minor’ de-excitation dipole strength may 
significantly contribute to capture yields. 
The derived global parameterization is expected to allow predictions for radiative neutron capture also outside the 
valley of stability − important for nuclear astrophysics and for the transmutation of nuclear waste. In investigations 
on fission not only higher spins and excitation energies are present, but also a departure from reflection symmetry ࣬
may appear on the way to the saddle point for asymmetric fission. This leads to a level density enhancement by a 
factor of four, which is not covered by just increasing moments of inertia in the calculations, and it may influence 
īf/īn as indicated by Bjørnholm et al. (1974).   
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